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inherited fragile X premutations (MIP). Daughters of
normal transmitting males all have PIP, sisters of pro-
bands never have PIP, mothers of probands have a
ratio of nearly 3:1, and so forth (Morton and Mac-
pherson 1992). Neither the present study nor the
study by Hundscheid et al. categorizes relationship,
which presumably accounts for the observed differ-
ence in frequencies; however, this is irrelevant if sur-
vival analysis is used correctly. In both studies, all
subjects were interviewed and hearsay evidence was
rejected. In an unspecified proportion of cases,
Hundscheid et al. obtained age at menopause from
medical records, whereas we accepted the subject’s
recall. Our definitions of POF, spontaneous meno-
pause, unnatural menopause, menstrual history, and
medication are indistinguishable from those of
Hundscheid et al. We based our classification of MIP
and PIP on several microsatellites in the FRAXA re-
gion, classifying 25 cases as being of unknown origin,
according to conservative criteria. Hundscheid et al.
did not specify whether markers were tested, how
their classification was made, or how many subjects
were unclassifiable. Regardless of whether this is con-
sequential, the fact remains that we observed a sig-
nificant difference between women with MIP and con-
trol individuals (log-rank ; ),2x = 8.52 P = .00351
whereas Hundscheid et al. did not. We are unable to
explain this difference.
It would be very interesting to know whether other
investigators find parent-of-origin differences in the fre-
quency of POF in premutation carriers. As in all recent
studies, the protocol should include interviews of all
available female relatives, with rigorous definition of
menopausal variables and mode of origin and with cor-
rect use of survival analysis. Only then will studies by
different groups pass from debate to discovery.
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Premature Ovarian Failure Is Associated with
Maternally and Paternally Inherited Premutation in
Brazilian Families with Fragile X
To the Editor:
Strong evidence has been produced that indicates FMR1
premutation as a risk factor for premature ovarian fail-
ure (POF) (Cronister et al. 1991; Schwartz et al. 1994;
Vianna-Morgante et al. 1996, 1999; Murray et al. 1998;
Uzzielli et al. 1999). The most extensive survey was a
collaborative study engaging nine centers in different
countries that showed that 16% of women with pre-
mutation suffered POF compared with 0.4% of their
noncarrier relatives (Allingham-Hawkins et al. 1999). In
a recent study of Dutch families with fragile X, Hund-
scheid et al. (2000) disclosed a parent-of-origin effect of
the premutation such that POF occurred with a signif-
icant frequency only in women who inherited the pre-
mutation from their fathers.
We investigated parental origin of the premutation
and occurrence of POF in 113 female carriers in families
with fragile X, ascertained through mentally retarded
patients. In these families, women aged 25 years who
had been tested for the fragile X mutation were inter-
viewed personally by one of us (A.M.V.-M.) about their
menstrual, gynecological, and reproductive histories, af-
ter appropriate informed consent. Those who had un-
dergone hysterectomy or oophorectomy were not in-
cluded in the study. POF was defined as spontaneous
cessation of menstruation at age !40 years, for at least
1 year. Part of the present sample was included in our
previous study of the frequency of POF in fragile X
carriers (Vianna-Morgante et al. 1999). Parental origin
of the premutation could be determined in 59/113
women: 27 of the premutations were maternally inher-
ited (MIP) and 32 were paternally inherited (PIP). The
27 women with a MIP belonged to 21 sibships (aver-
age 1.29 daughters, range 1–3 daughters), and the 32
women with a PIP belonged to 19 sibships (average 1.68
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Table 1
Characteristics of Women Carrying an FMR1 PIP or MIP and Their Noncarrier Relatives
DATA FOR PREMUTATION CARRIERS
DATA FOR
NONCARRIERS
(n = 50)
CHARACTERISTIC
(AGE GROUP)
PIP
(n = 32)
MIP
(n = 27)
Mean age, years 39.18  7.03 39.84  12.89 39.20  12.35
Mean age at menopause, years 36.50  9.85 (n = 13) 34.67  11.96 (n = 9) 50.67  5.07 (n = 9)
POF (40 years) 5/15 2/10 0/50
POF (!40 years) 4/17 3/17 0/50
POF (all ages) 9/32 5/27 0/50
daughters, range 1–5 daughters). Age at examination did
not differ between the two groups (medians: MIP, 36.83;
PIP, 38.875; [Mann-Whitney test]). AmongP = .5328
women with a MIP, five had experienced POF, and it
occurred in nine women with a PIP, a difference that
was not statistically significant ( [Fisher’s exactP = .5411
test]). Age at menopause in the two groups did not differ
either (medians: MIP, 38 [ ]; PIP, 35 [ ];n = 9 n = 13 P =
[Mann-Whitney test]) but were significantly lower1.0
than age at menopause among 50 of their relatives who
carried normal alleles (median age: 51 years [ ];n = 9
[Kruskal Wallis test]). These results are sum-P = .0014
marized in table 1.
In conclusion, our data do not support the hypothesis
of a parent-of-origin effect of the FMR1 premutation
on ovarian function such that only the paternally in-
herited premutation is significantly associated with POF.
The association of POF with PIP and MIP in one ped-
igree as shown by Vianna-Morgante et al. (1996) further
denies an effect confined to paternally inherited pre-
mutation. The finding of a possible genomic imprinting
effect, reported by Hundscheid et al. (2000), may be
peculiar to the Dutch population. Otherwise the differ-
ence between theirs and the present survey may be the
result of an undiagnosed ascertainment bias. Data on
other populations are urgently needed, if only consid-
ering their implications for genetic counseling.
Acknowledgments
This work was supported by Fundac¸a˜o de Amparo a` Pes-
quisa do Estado de Sa˜o Paulo and Conselho Nacional de De-
senvolvimento Cientı´fico e Tecnolo´gico.
ANGELA M. VIANNA-MORGANTE
AND SILVIA S. COSTA
Departamento de Biologia
Instituto de Biocieˆncias
Universidade de Sa˜o Paulo
Sa˜o Paulo
References
Allingham-Hawkins DJ, Babul-Hirj R, Chitayat D, Holden
JJ, Yang KT, Lee C, Hudson R, et al (1999) Fragile X
premutation is a significant risk factor for premature
ovarian failure: the International Collaborative POF in
Fragile X Study—preliminary data. Am J Med Genet 83:
322–325
Cronister A, Schreiner R, Wittenberger M, Amiri K, Harris
K, Hagerman RJ (1991) Heterozygous fragile X female:
historical, physical, cognitive, and cytogenetic figures.
Am J Med Genet 38:269–274
Hundscheid RDL, Sistermans EA, Thomas CMG, Braat
DDM, Sraatman H, Kiemeney LALM, Oostra BA, et al
(2000) Imprinting effect in premature ovarian failure con-
fined to paternally inherited fragile X premutations. Am
J Hum Genet 66:413–418
Murray A, Webb J, Grimley J, Conway G, Jacobs P (1998)
Studies of FRAXA and FRAXE in women with premature
ovarian failure. J Med Genet 35:637–640
Schwartz CE, Dean J, Howard-Peebles PN, Bugge M, Mik-
kelsen M, Tommerup N, Hull C, et al (1994) Obstetrical
and gynecological complications in fragile X carriers: a
multicenter study. Am J Med Genet 51:400–402
Uzielli ML, Guarducci S, Lapi E, Cecconi A, Ricci U, Ricotti
G, Biondi C, et al (1999) Premature ovarian failure (POF)
and fragile X premutated females: from POF to fragile X
carrier identification, from fragile X carrier diagnosis to
POF association data. Am J Med Genet 84:300–303
Vianna-Morgante AM, Costa SS, Pares AS, Verreschi IN
(1996) FRAXA premutation associated with premature
ovarian failure. Am J Med Genet 64:373–375
Vianna-Morgante AM, Costa SS, Pavanello RCM, Min-
groni-Netto RC (1999) Premature ovarian failure (POF)
in Brazilian fragile X carriers. Genet Mol Biol 22:471–
474
Address for correspondence and reprints: Dr. Angela M. Vianna-Morgante,
Departamento de Biologia, IB, Universidade de Sa˜o Paulo, C. P. 11461, 05422-
970 Sa˜o Paulo, SP, Brazil. E-mail: avmorgan@ib.usp.br
 2000 by The American Society of Human Genetics. All rights reserved.
0002-9297/2000/6701-0032$02.00
